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Impact of tree species on soil solutions
In acidic conditions

Laurent Augusto and Jacques Ranhger

Institut National de la Recherche Agronomique, Centre de Recherches Forestieres de Nancy,
Equipe Cycles Biogéochimiques, 54280 Champenoux, France

(Received 1st September 1999; accepted 5 June 2000)

Abstract — Capillary solutions of two acidic forest topsoils were sampled for one year. On each of the two soils, there were three
stands (Norway spruce, Douglas fir, Hardwood). Capillary solutions were extracted using the centrifugation method. Seil moistur
under Hardwood stands was higher than under coniferous stands. Soil solutions under the coniferous tree species wete more acid
and more concentrated in $8S and Nathan under Hardwoods, showing that coniferous tree species intercept atmospheric deposi-
tions more efficiently than hardwood tree species do. Soil solutions under hardwood stands were more concenirAtedSinakd

Fe** than those under coniferous stands. On the least desaturated site, soil solutions under the hardwood stand were les$ concentrat
in NO;~-N and C than under the coniferous stands. The amount of rainfall significantly influenced results by diluting soil solutions.
When the amount of rainfall was high, there were little difference between tree species.

forest soil / tree species / soil solution / centrifugation / acidity

Résumé— Impact des essences forestiéres sur la composition des solutions du sol en conditions adidessolutions capillaires

des horizons superficiels de deux sols forestiers acides ont été échantillonnées pendant une année. Sur chaque saieérds peupl
étaient présents (Epicéa commun, Sapin Douglas, Feuillu). Les solutions capillaires ont été extraites des sols pararentrifugati
L’humidité des sols sous feuillu est supérieure a celle sous résineux. Les solutions de sol sous résineux sont pluduacides et p
concentrées en S-GBet en N4, ce qui témoigne d’une plus grande capacité de ces essences a capter les dépots atmosphériques.
Les solutions sous feuillus sont plus concentrées*elK Si et FE* que celles sous les résineux. Sur le site le moins désaturé, les
solutions sous feuillus sont moins concentrées en N-KMOC que celles sous les résineux. La quantité de précipitations influence
notablement les résultats en diluant les solutions de sol. Lorsque la pluviosité est trés importante, les différencencastrsoass

peu marquées.

sol forestier / essence forestiére / solution du sol / centrifugation / acidité

1. INTRODUCTION hardwood stands [34]. After the second world war, large
areas were planted with coniferous tree species [34]: ini-
For more than a century, tree species substitution hagially mainly with Norway spruceRicea abieKarsten.),
been quite a common phenomenom in western Europethen with Douglas fir Rseudotsuga menziegiirb.)
The choice of the tree species planted plays an importanEranco). It is within this context that the present work
role in the functioning of soils [7], particularly the top- studied the impact of Norway spruce, Douglas fir,
soil. In France, two thirds of forests are composed of European beech and Sessile oak on soil solutions.

* Correspondence and reprints
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Soil solutions are important in the functioning of bio- Soils were described from a pedological pit. A bulk
geochemical cycles of forest ecosystems as they are theample of five soil samples was analysed for each hori-
main interface between vegetation, microflora, minerals zon. Horizons were analysed down to 40 cm in depth.
and organic matters of soil [32]. The composition of soil The variables were: apparent soil density (cylinder
solutions is the result of processes of production (weath-method); particle size distribution (Robinson method); C
ering and mineralisation), deposition (atmospheric depo-content [2]; N content [12]; pH (soil:water ratio = 1.25);
sition; anthropic fertilization and liming) and consump- cationic saturation and cationic exchange capacity [42];
tion (by plants and by microorganisms). It is because of“available” phosphorus [19]; free iron and aluminium
their central role that the study of soil solutions gives [47]. Daily meteorologic data (rainfall, minimum tem-
information on the nutrients available for the vegetation perature and maximum temperature) were provided by
[10] or on the current level of soil acidification [30]. meteorologic stations (Météo-France) near the sites.
Except for hygroscopic solutions, Titus and ) . _
Mahendrappa [49] distinguish two types of soil solu- Ten sampllr_lgs were performed during the _50|I solu-
tions: gravitational solutions and capillary solutions. The tions study which was one year long (from April 1998 to
first transport existing products down to lower soil APril 1999). At each date, nine soil samples were taken
depths, whereas the second indicate the balance betwedf} €ach stand. The nine points were distributed across the
the solid, the liquid and the living phases of soil [37]. €ntire stand area so as to take into account the high spa-
There are many methods of extracting solutions from tial var|a_b|I|ty of forest soil chemical characteristics [13].
soils (see [49] for a review), which have an influence on E&ch point was located under a tree canopy so as to take
solution composition. For instance, solutions from zero INt0 account the impact of throughfall [8]. The distance
tension lysimeters are usually less concentrated (excepfom the point to the nearest trunk was between 1.0 to
for Al, Si and C) and their pH is lower than solutions 1.5 meter because this parameter modifies the impact of
extracted by centrifugation [25, 51]. The centrifugation throughfall [15] and stemflow [21, 29, 40]. Litter was
method has the following advantages: it does not necesf®€moved and a stainless steel tube (L = 15 cm ;

sitate any permanent in situ devices and it extracts capil@ = 8 ¢m) was vertically driven in. The soil was immedi-
lary solutions, facilitating the study the internal function- &t€ly put in a plastic bag. The hole was filled and its
ing of soils [25]. location was marked to avoid its being sampled at a later

date. The locations of the samplings were always select-
The objective of this work was to determine the ed by the same operator. The nine samples were random-
effects of tree species on the characteristics of soil capilHly grouped into three bulk samples. At each date, the
lary solutions. For this purpose, capillary solutions have sampling was performed in a single day and the samples
been studied for one year using the centrifugationwere put in a shaded room at 4 °C. Samples were
method for one year. analysed during the four days following the sampling.

Samples were sieved to 4 mm. Soil water content (in
% of dry weight) was measured (drying at 105 °C for
48 hours). Soil solutions were extracted by centrifuga-
tion of the samples in cylinders with an internal wall

A survey of soil solutions was performed in two [25]: the internal wall is only permeable to water, pre-
acidic forest sitestgble I): Haye and Remiremont. Both  venting the soil sample from reaching the bottom of the
are arboretums established on a forest soil. In each foreylinder (where the soil solutions collected) during cen-
est, two coniferous stands and one hardwood stand weré&ifugation. The duration of centrifugation and speed
selected: were calculated so as to extract soil solutions up to
. around pF = 4.2. Preliminary tests have shown that, in
— Haye: Norway spruceP(cea abies(L.) Karst.), g ,ch soils, the compositions of solutions extracted up to

Douglas fir Pseudotsuga MenziegMirb.) Franco), e = 3 3 are identicap(< 0.001) with those of solutions

Sessile oakQuercus petraegMattus.) Liebl.). extracted between pF = 3.3 and pF = 4.2 (data not pre-

— Remiremont: Norway spruceP{cea abies(L.) sented).
Karst.), Douglas fir Pseudotsuga MenziegiMirb.)
Franco), European beedkagus sylvatica..).

2. MATERIALS AND METHODS

Solutions were filtered (0.45 pm) and homogenized
for analysis. pH was measured, fdl, = total Al), Fé*,

The hardwood stand represented the forest state beforMn®, Si, S, N&, K*, Mg*, C&* and PQ?-P were mea-
the establishment of the arboretum. The main charactersured by atomic emission plasma troch spectrophotome-

istics of the soils are presentedable I1. Each stand has  try (ICP JY180 Ultrace, Jovin-Yvon). NFiN, NO;™N,
a plot size of at least 100Pm SO, 2-S and Ct were determined by colorimetry



49

Tree species and soil conditions

—(0aT) poEE os1e0d = SO (Wrl 00z—0G) pues auly = S (wrl 0§—-02) HIS 8s1e0d = ISD (Wil 0z—2) His dul = IS4 ‘(wrl g >) Aepp =10

0¢T 00TT v¢0 TITO €€0 €00 TC0 Ty 000 €6T 1.0 L€T v'GC 09T vT1T 8T¢ v9¢ G0 /-0 Yo9aq ueadoing
g, 069 ¥T'0 TTO0 €20 €00 OTO0 €y 000 T¢c 6€0 98 8Gc 99T ¢TT 6€ §dc 90 G0 9dnids AemioN
€6 098 LT0 800 L20 v00 920 Ty 000 T8I ¢e€0 89 8l¢c ¥8T €0T vT¢ Tdc S0 90 iy selbnog  juowalway

76 690 G80 0SL 9€0 €00 900 ¥'G 000 8¢€T T¢0 6¢ <1 GL¢ 96T 6'GC 6'S¢ 0T 0T-0 Ye0 9|ISs8s
T9 0Lv €10 /L80 €20 LO0O 9T0 €y 000 01T €¢0 6€¢€ L0 GG G961 60¢ veEe T'T 0T-0 9onids AemioN

oy Ove TT0 §90 920 200 9T0 9% 000 ¥9T #T0 €¢ TT ZTve ¥8T 992 L6I 2T 010 1y se|bnoq akeH
---- ((wwg > :yues auy) j1os 6 00T / o0WD) ----  soyem (% 6) - ((wwg > :ywres auy) jios 6 0OT / B) ----- Aususp (wo)
230 v BN ® M BN H Hd 4 NI N O SO sd4 I1SO Is4 1O llos Jios doy  ssloads san als

‘sonsiiaioereyd uozioy jlosdo] ‘|| 8|qeL

‘sprepuels Jo aby

T 0S 0z g8 12 1'/z 06T Yyosaeq ueadoing

or % 0 G/ % 212 Ge 9onids AemioN [osiqued  auoispues  (99urlH UISISBAYLION)
T T 0 56 o 6'€e Ge 1j sejbnoq@ 08 0.VT 0T9  ousAp uo Jis surelunow sabsoA  Juowaliway
auolsaul|
0T 00T qT G6 0€ €€ «9L )0 9|Issas wiolj sjerisrew
7] 00T 0T G9 8z £'8g9 9onids AemioN |OSIAN| uoleIRUOQIRIaP (SJURIH UISISRIYLION)
0T 00T 0T 59 0¢ 9'€€99 1} se|bnoQ S'6 09. 0. oldey uojjis auresio jo neajeld akeH
%) () (%) (%) Geru; (ueaw [enuue) (ueaw [enuue)
JOA0D  JBA0D  JBA0D  Jan0d  eare  (w)  (Jeak) (Do) (reaktod ww) (W) (o'v'4d) (swialauauab)
S3SSOIN SQUAH Sqniys aall  |eseg ybleH oby saads @al)  alnyesadwa ] [reyurey  apnully  [10S 3001pag uonesiean als

"solsleloRIRYD Spue)s saloads 9ai] | a|gel



50 L. Augusto and J. Ranger

(TRAACS-2000, Bran-Luebbe). lonic balance of solu- —— pH solution ---@--- Rainfall
tions was defined as follows:

50 60
(Z positive charges— 2 negative charg&s) a) Haye

ionicbalance=

PAS dry season
454 /o
As soils were acidic, Al was considered to be trivalent. e/
Total organic carbon of solutions (DOC, noted here C) .. '
was measured (TOC-5050, Shimadzu). Comparative = \
tests between S-S measured by colorimetry and S ‘\
measured by spectrophotometry showed that all S in 4.0 e
solutions was SQ?>S. Therefore, S was measured solely

by spectrophotometry and considered to bg36.

The dataset was stastistically treated with SAS [43].
Variance analysis were performed in “repeated measure:

. 35
ments” so as to take into account that data of a tempora 5}, ' i :
series were not independent.

: - 50
> positivecharges+ 2 negative charg&s) ht

- 40

() [rejurey

- 30

- 20

~ 90

~ 80
3. RESULTS

- 70
Meteorological data of the studied year (from April

1998 to April 1999) showed that it was slightly warmer
and wetter year than the mean year (mean of 30 years).

~ 60

~ 50

(wrw) [rejurey

= 40

— 30
3.1. Differences between sites

- 20
Rainfall was much lower at Haye (813 mm) than at

- 10
Remiremont (1748 mm). Daily temperature differences
(minimum temperature and maximum temperature) 30 T
between sites were very small. The annual mean differ- % %,
ences were less than 1 °C. The annual mean temperatui €, &
was 10.5 °C at Haye and 10.0 °C at Remiremont. The
solution pH was positively correlated € 0.001) to the

amount of rainfall over the eight days before sampling rigyre 1. The relationship between soil solution pH and the

(figure 1). This relationship between pH and rainfall was amount of rainfalls during the eight days before sampling.
more clearly expressed at Remiremaqm(0.001) than

at Haye p < 0.05). The most concentrated solutions
were collected in autumn.

At Haye, C&" and Al were the dominant cations,
whereas Cl SO, %S and NQ-N were the dominant
anions. At Remiremont, { Al, and N4 were the domi- Soil solutions were more concentrated at Haye than at
nant cations, whereas CAnd SQ %S were the domi-  Remiremont fable Illa). Mean solution concentrations
nant anionsfigure 2, table Il13.

at Haye were at least twice those at Remiremont (except
Soil water content at Haye (33.6 + 1.1 g of water for for NH,™-N). This difference was particularly large for

100 g of dry soil;n = 90) was significantly lower C&*, Mn** and NQ~-N. There was no significant differ-
(p < 0.001) than at Remiremont (56.3 = 2riz 90). ence between sites for solution pH. The [N®I /
There was almost no extractable water at Haye at threNO5;™-N + NH,*-N)] ratio was significantly higher

dates (from June to September 1998) and at Remiremonfp < 0.001) at Haye (0.89 = 0.02) than at Remiremont
at one date (July 1998). (0.35 £0.03).
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(Douglas fir = O ; Norway spruce = A ; Hardwood = O)
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Figure 2. The effect of tree species on soil solution (continued on next page).
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(Douglas fir =0; Norway spruce = A; Hardwood = Q)

12- Haye 2,5 Remiremont |
104 Mg/ Alt Mg/ Alt
2 ~ 06 Z
T 08 =
g a dry 2
5 %67 dry season - 04 2
= season g
040
- 0,2
024 o
0,0 0,0
80 Haye Remiremont L 50
70 C C
o B - 40
3 50 dry dry - 30 O
® season season =
E 40 B El
o ;
30 20 =
20
- 10
10
0 0
%09, Haye Remiremont = 250
800 Si Si
700+ =200
= 600 o\O g
S i - 150 2
£ 5o 2
& 400 - s
dry dry - 100
3004 Q3 season season
200 .
1004
0 : 0
%770  Haye Remiremont - 07
%67 jonic balance ionic balance [~ 06
0,51 - 05
8 04 - 042
2 03] .-
s 7|0 dry dry g
£ 02 season season - 023
= 01-A - 01 °
L R S | il |/ sREEEEEE - 00
1) - 0.1
0,2) - (0,2)
T ) T T T 1 1 1 T 1
& g L. < & & ) L. <
T T T VI Y N e !
o & > 9, Z 7 b2 K4 9, 7
% 9 9, 7 9
T B B % 4 b % %

Figure 2. The effect of tree species on soil solution.
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3.2. Differences among tree species Hardwood had higher values than coniferous species for
K*, Mg?*, Si and ionic balance. Douglas fir had the high-
Haye: est concentrations of €aand seems to have a higher

] ] o ) Mg/Al, ratio than Norway spruce.
During soil sample sieving, it was noted that there

were quite numerous earthworms in Sessile oak soil
whereas none were present in Douglas fir and Norway 4 p|SCUSSION
spruce soils. Some ant-hills were observed in the

Norway spruce stand. The pH of capillary solutions extracted from topsoils
Soil moisture was significantly highep & 0.05) was statistically linked to the amount of rainfall. The
under Sessile oak (35.1 = 1.0 g of water for 100 g of drymore the rainfall, the higher the soil solution pH. The
soil) and under Norway spruce (36.0 £ 2.2) than undermeasurements made in the “national network for the
Douglas fir (29.7 = 1.3). The pH of soil solutions under long-term monitoring of forest ecosystems” (RENECO-
hardwood stand was at least 0.5 unit higher than undeFFOR) showed that rainfall pH in the area of the present
coniferous standgdpble IlIb). Solution concentrations of  study was between 5.0 to 5.5 [50]. This pH is higher than
SO, 2-S and Na were lower under hardwoods than those of soilstable 1). When the amount of rainfall was
under Norway spruce and Douglas ftalfle I1Ib). high, soil solutions were less acidic as they contain a lot
NO5;-N concentrations and [NO-N / (NO;~-N + of solution with quite high pH [20]. The effect of rainfall
NH,*-N)] ratios were lower under hardwood stand than on soil solution pH was more clearly expressed at
under coniferous stands. Such was also the case for CaRemiremont than at Haye because the rainfall at
concentrations and Ca/Ahtios. Si, F& and A} concen- Remiremont was more than twice that at Haye.

trations were higher under hardwood stand than under  opy one year of monitoring was available. Therefore,
coniferous stands. Mhconcentrations of solutions were it is difficult to show a seasonal trend in the results.

higher under Norway spruce than under hardwoods. However, it seemed that the summer dessication tended
There was no statistically significant differences to concentrate the soil solutions.

among tree species for the other variables. However,

there were some tendencies for (Kgure 29 as well as

for Mg/Al,, C and ionic balancdigure 2b. It seems that

K* concentrations were higher under hardwoods thangqj| go|utions at Haye were more concentrated than

under coniferous species. This was also the case with th@, <e of Remiremont. Although rainfall had low concen-
ionic balance. In contrast, SOIUt'.OnS under hard\.’VOOdS‘trations [50], the difference in concentrations can not be
had lower values of C concentration and of Mgte_xtlo explained solely by the difference of rainfall amounts,
than under coniferous species. Ranked according to CESpeciaIIy C¥ Feé* Mn2*and N. For these elements. it
concentration, tree species were as follows: Norwayjg prohaple that the Haye bedrock (silt on decarbonata-
spruce > Douglas fir > Sessile oak. tion materials from limestone) produced more calcium
and easily weathereable minerals than the Remiremont
bedrock (silt on sandstone).

Soil samples from the European beech stand con- Soil moisture was higher under hardwoods than under
tained a few more arthropoda than samples from conifer-coniferous species: hardwooasNorway spruce=
ous stands. Soil moisture was significantly higher Douglas fir. Nihlgard [35] and Benecke and Mayer [4]
(p < 0.05) under European beech than under Norwayhave already shown that soils are drier under Norway
spruce and Douglas fir (respectively: 66.9 + 3.6 g of spruce than under European beech. This behaviour was
water for 100 g of dry soil, 52.3 + 2.2 and 49.6 + 1.9). due to the higher ability of coniferous tree species to
The tree species effect on the composition of soil solu-intercept rainfall [3, 24].
tions was not nearly so clearly expressed at Remiremont |n contrast to Haye, Remiremont showed few differ-
as at Hayetgble Illb). There were significant differ-  ences in soil solution composition among tree species.
ences |§ < 0.05) only for NQ~N, Al, and Ca/Alratio.  However, other authors have established that tree species
Compared to coniferous species, hardwood had highemodify the composition of soil solutions (e.g. [1, 14]).
values for N@-N and A}, and lower values for the  The results from the Remiremont site can be explained
Ca/Al, ratio. Although results were not statistically sig- py two phenomena: (i) the very high amount of rainfall
nificant for the other variables, it seems that there wereazt Remiremont diluted soil solutions and hid the tree
some differences for X C&* and Mg* (figure 28 as  species effect. (i) as the soil was more desaturated than
well as for Mg/A| ratio, Si and ionic balancéiqure 2. at Haye (saturation index for exchangeable earth-alkaline

Soil moisture at Remiremont was higher than at Haye
because of the higher quantity of rainfall and of the more
homogeneous soil particle size distributigable II).

Remiremont:
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Table IV. The effect of tree species on aluminum speciation in soil solution.

References Localisation  Soil ~ Tree species pH Ca Mg Al Al /A, CalAl Mg/Al, CalAl Mg/Al

depth total inorganic
(cm) (Al) (Al
(umol LY
Pinus sylvestris 4.4 50 41 41 33 0.8 1.2 1.0 15 1.2
Pinus sylvestris 45 45 78 65 58 0.9 0.7 12 0.8 1.3
[22,23] Sorcatchment 0-10
(Spain) Quercusrobur 44 60 70 75 37 0.5 0.8 0.9 1.6 1.9
Quercus robur 4.4 135 144 153 76 0.5 0.9 0.9 1.8 1.9
Picea abies 33 98 25 62 41 0.7 1.6 0.4 24 0.6
[17] Schneeberg  0-5
(Germany) Fagus sylvatica 3.6 125 33 70 24 0.3 1.8 0.5 5.2 14
Picea abies 34 267 66 163 96 0.6 1.6 0.4 2.8 0.7
[17] Silverbach 0-5
(Germany) Fagus sylvatica 3.7 181 45 128 90 0.7 1.4 0.4 2.0 0.5

cations at 5 cm depth: Remiremont = 7%; Haye = 46%), The pH of soil solutions at Haye were tree species
the buffering capacity of Haye was more sensitive anddependent. There was at least 0.5 unit difference
thus influenced by the impact of tree species on the envibetween the solutions of harwoods and those of conifer-
ronment. ous tree species. The effect of tree species on solution

At Haye, soil solutions under Norway spruce and PH was as follows: Sessile oak > DouglasfiNorway
Douglas fir were more concentrated in $0Cand N4 spruce. This result is due to the higher ability of conifer-
than those under hardwoods. It has been established thz?tlﬁ‘ He.e spemgs”to m;grcept _alltmtlnsphenc deposition,
the origin of these elements in acidic soils was mainly Which is potentially acidic. Soil solutions were more
atmospheric [26]. It suggested that Norway spruce andacidified under coniferous species than under hardwoods
Douglas fir intercepted the atmospheric deposition more2/S0 because of the low pH of coniferous species needies
than Sessile oak do. Brown and lles [14], Ranger and36] and the more acidic organic matter of Norway
Nys [38] and Berkvist and Folkesson [5] have measuregSPruce [46]. The aC|d|ty of the coniferous stands at Haye
the extent to which coniferous specidoga abies, ~could prevent burrowing fauna, such as earthworms,
Pinus sylvatich intercept atmospheric deposition more oM colonizing the soil [16]. Root exudates could have
than hardwood species d@uercus petraea, Fagus syl- influenced the results as they are tree species dependent
vatica, Betula pendu)alt is probable that the high soil [45].

solution concentrations of NON and C&" under conif- For both sites, soil solutions were more concentrated
erous species were partly due to high atmospheric depoy, k+ under hardwoods than under coniferous species.
sition. Thus, on an acidic soil of northeastern France,This difference in behaviour forKoetween hardwoods

Ranger and Nys [38] have reported that a Norway Spruceynq coniferous species has been mentioned in a composi-
stand intercepted 155% more N than a Sessile oak stangjgp, study on artificial soil [48]. The K contents of

50% more S, 10% more Ca but 15% less K. It should beggggile oak and European beech leaves are 50% higher

noted that the age of the hardwood stand at Remiremonfnon those of Norway spruce and Douglas fir needles [6,
could have masked this effedlfle |). Indeed, Hugues g1 Therefore, processes like litter mineralisation and

et al. [27] have shown with severBllcea sitchensis  fgjiage recretion could have promoted a higher concen-
chronosequences that atmospheric deposition to canopiegation of this element under hardwood species than
increases with stand age. Furthermore, the introduction,der coniferous species.

of exotic tree species, such as Norway spruce and

Douglas fir, could have led to mineralisation of old  The high concentrations of Mhin Norway spruce
organic matter in soil and, then, to higher nitrification soil solutions compared to hardwood solutions were due
flux. This hypothesis was suggested by Jussy et al. [28]to soil solution pH. Indeed, this element is soluble in
but still need a validation. acidic solution [20].
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At Haye, the tree species effect on the C content of(mainly A**). Therefore, Ca/Aland Mg/A| ratios are
soil solution was the inverse of its effect on pH: Norway not efficient indicators of potential Al toxicity [10]
sprucez Douglas fir> Sessile oak. Raulund-Rasmussen because they do not take into account the Al speciation
et al. [39] have also shown that the C content of soil[11]. It should be observed that the tree species gradient
solution was: Norway spruce > European beech =for Ca/Al and Mg/Al ratios is reversed when only inor-
Pedunculated oak. As previously stated, this could be theganic Al (i.e. almost At is considered, instead of total
result of an enhanced mineralisation of old soil organic Al (table IV). Thus, Al is not a efficient index of Al tox-
matter which increases the soil acidification under conif- icity and, therefore, it is difficult to discuss the ecologi-
erous tree species. It should be underlined that C contercal meaning of the ratios of the present study.
of solutions is correlated to its ability to alter minerals
[39]. Nevertheless, as concentrations of Si was also high-
est in Sessile oak soil solutions, it cannot be concluded 5. CONCLUSION
that the weathering rate of soil minerals under Norway

spruce was higher than under Sessile oak. The pH and the composition of capillary solutions of
_ ) ) topsoils were highly dependent on the amount of rainfall.

At Haye, as at Remiremont, soil solutions under hard-The bedrock characteristics were also an important factor
woods showed a larger ionic inbalance (positive balance)controlling the chemistry of capillary solutions.
than under coniferous species. For the present study, A _ . .
was considered as Xlbecause solutions were acidic. 1€ rée species effect on topsoil solutions was small
Solutions pH could explain the results of Haye as Al spe-When the amount of rainfall was high. Exotic coniferous
ciation is pH dependent [41]. Indeed, Driscoll [18] has /€€ SPecies intercepted rainfall and atmospheric deposi-
shown that, in solutions with organic matter3'epre-  t1on more readly than did native hardwoods. This situa-
sented 100% of Alat pH = 3.6 (pH of soil solutions 10N led to a decrease in soil water content and to an
under Norway spruce), 90% of /it pH = 3.9 (Douglas acidification under coniferous stands. It is also probable
fir), but only 50% at pH = 4.4 (Sessile oak). Moreover, that the introduction of coniferous tree species has modi-
for soil solutions at pH = 4.4, Fernandez-Sanjurjo et al. fied the biogeochemical cycles of some elements, such
[23] have shown that only 20% of Aas in the At @S K. N or Al, in the ecosystems, suggesting different
chemical form. Therefore some Al in hardwood soil Mutrition modes ‘according to tree species.
solutions may not be trivalent. This has led to an overeS_Complementary works are required to determine the tree

timation of the total positive charge of solutions under SPECies effect on the long term fertility of acidic soils.
hardwoods. Nevertheless, soil solutions under the hard-1"€S€ works should concern the study of gravitational
wood stand at Remiremont were also unbalanced, thouglsolutlons SO0 as to measure the impact of tree species on
no less acidic than those under the coniferous standsthe amounts of elements lost by drainage.
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